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 I 
摘 要 
产品研制的合格率低、可靠性差以及用户体验感不好是很多企业的常见问
题。研究发现：造成研发质量此类问题的主要原因为企业在产品设计过程对客户
需求的理解有偏差,未能在研发阶段尽早发现潜在质量问题,导致产品设计不够
稳健。研究一个适合研发型企业的开发管理体系，并寻找合适产品开发设计的控
制方法和模式来保证产品开发设计的过程得到充分管控，保证产品研发质量成为
一个迫切需求。特别在客户需求识别、产品的失效模式和关键质量控制点的识别
等关键环节过程，以及在设计参数和容差上缺乏管控和优化的过程探索一个合适
的管理方法。而本文正探索构建一个以卓越绩效目标指标为驱动，通过领导力协
调人员团队、过程方法和资源设施的产品设计研发质量管理体系，以期实现保证
设计研发交付的产品的质量稳健性。 
本文以 A 公司的 DFSS 实践过程为案例来介绍 DFSS 开发设计质量管理体系。
研究通过技术保障和组织保障来构建一个基于 DFSS 管理理念的产品研发设计项
目的过程质量管理系统方法在产品开发设计质量保证的适用性。A 公司的产品项
目开发 DFSS 是通过五个步骤来实现。在客户需求分析方面，研究把 QFD 中工程
指标之间的相互关系与 TRIZ 的矛盾矩阵联系起来 , 解决工程指标之间的矛盾 , 
得到满足顾客呼声的创新设计，达到平衡客户需求与产品质量的目的。在质量风
险控制方面，研究利用失效模式和效果分析识别产品的关键质量控制点，降低设
计潜在风险。并在产品稳健性设计中通过识别的抗干扰性较差的关键质量控制点
进行优化设计来提高产品质量稳定性。最后达到：优化现有研发质量管理流程和
方法，形成适宜的研发质量保证体系。使得产品设计质量更为稳定、合格率提升、
缩短产品研发周期、降低成本以及提升利润的目的，并使得顾客满意度提高同时
实现股东的利益最大化。 
 
关键字：六西格玛设计(DFSS)；研发质量管理；稳健设计 
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Abstract 
This thesis introduces the implementation of Design for Six Sigma(DFSS) in 
Quality Improvement of new product developing. More and more companies have 
been faced a common issue that the products were designed with unstable quality and 
low-reliabilityin new production development phase till today, especially in a 
comprehensive electronic appliance development. An investigation was conducted 
and shown that the root cause of unstable quality and low-reliability is due to robust 
design methods without be applied in new product development, from a case study, 
over 80% defects in products are due to design,especially in a company which has not 
a suitable R&D quality control procedure to implement new product quality assurance. 
Studies have shown that Design for Six sigma(DFSS) is good methods which are very 
popular in electronic industrial, DFSS are applied to improve quality of new product 
development by many different kinds of companies.  
      A case study of Implementing Design for Six Sigma in new product 
developing in A company will be introduced in the thesis，aboutimprove quality of 
new product developing under DFSS with IDDOV model. And A company improve 
the current new product quality development system by building DFSS management 
system which are integrated performance excellence, project management as well 
ISO9001 quality management Philosophy, the quality assurance system of DFSS 
supported by two ways, one is technology supporting and another one is organization 
supporting. As critical part of DFSS, IDDOV model is a quality robust design path 
integrating Technical and Managemental methods to improve quality of new product 
developing, and the target is an amazing experience of customer and Six sigma level 
of quality, and also achieve the satisfaction Stakeholder by benefit maximization. 
      By using IDDOV of DFSS, A company Identify the opportunity of market 
through customer need investigation and analysis by using QFD, A company by using 
QCT method to balance the request of customer and the development of product, 
especially the strategy of A company, the second of IDDOV is Define(I), Define the 
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CTQ and scope of DFSS project, analysis the Voice of Customer(VOC). A system 
design of products will be conduct in Design stage, normally is a concept design 
phase of R&D, TRIZ will be used to solve a design problem for product design 
innovation, and FMEA will be used to predicting the early failure, and list the high 
risk of failure point as Critical to Quality(CTQ). In Optimization(O) stage, a robust 
design methods(Taguchi Method) will be applied to improve a quality through 
parameter and tolerance optimization design, and reduce the risk of CTQ and 
Variation.After Design and Optimization A company to do a verification to check the 
design can finally achieve the object of the new product development project, include 
the quality object.  
   From the effect evaluation of the implement of DFSS include quality and finance 
profit during the experience of DFSS in A company, we can found that implement 
DFSS in improving quality of new product developing can create a good quality and 
high reliability products for customers, in addition, successfully implement DFSS can 
amazing experience of customer and Six sigma level of quality, and also achieve the 
satisfaction Stakeholder by benefit maximization and shorten the developing time as 
well. 
 
Key words: Design for Six Sigma(DFSS), R&D Quality Management, Robust 
Design 
 
 
 
 
 
 
 
 
 
 
厦
门
大
学
博
硕
士
论
文
摘
要
库
IV 
目录 
第 1 章绪论 ................................................................................................ 1 
1.1 研究背景和意义 ............................................................................................. 1 
1.2 研究现状综述 ................................................................................................. 2 
1.2.1 研发质量管理........................................................................................ 2 
1.2.2 六西格玛设计研究现状........................................................................ 2 
1.2.3 六西格玛设计方法................................................................................ 3 
1.3 研究内容 ......................................................................................................... 4 
1.4 论文结构 ......................................................................................................... 7 
第 2 章 A 公司质量管理现状和问题分析 .............................................. 8 
2.1 A 公司背景 ....................................................................................................... 8 
2.1.1 公司简介................................................................................................ 8 
2.1.2 A 公司质量发展历程 ........................................................................... 10 
2.1.3 组织架构.............................................................................................. 13 
2.1.4 部门职责.............................................................................................. 13 
2.2 A 公司研发质量管理现状 ............................................................................. 14 
2.2.1 A 公司项目质量管理特点 ................................................................... 14 
2.2.2 A 公司项目开发现状 ........................................................................... 15 
2.3  A 公司产品开发项目质量管理现状 ......................................................... 15 
2.3.1 客户满意度低...................................................................................... 15 
2.3.2 质量稳定性差...................................................................................... 16 
2.3.3 项目交期延误率高.............................................................................. 17 
2.4 A 公司研发项目质量管理过程问题分析 ..................................................... 18 
第 3 章  A 公司项目质量体系的构建 .................................................. 21 
3.1 DFSS 管理体系 .............................................................................................. 21 
3.2 顾客导向的开发过程 ................................................................................... 23 
3.3 DFSS 应用的组织保障措施 .......................................................................... 23 
厦
门
大
学
博
硕
士
论
文
摘
要
库
 V 
3.4 技术措施保障 ............................................................................................... 29 
3.4.1 信息化知识管理平台........................................................................... 30 
3.4.2 稳健的设计开发控制程序.................................................................. 30 
第 4 章 DFSS 在 EX 项目需求分析应用 .............................................. 34 
4.1 EX 项目立项 .................................................................................................. 34 
4.2 关注并理解市场和顾客需求（I 阶段） ..................................................... 37 
4.3 平衡客户需求与产品质量 ........................................................................... 40 
4.4 面向整机产品开发的 QFD 应用（D 阶段） .............................................. 42 
第 5 章 DFSS 协同创新与稳健质量 ..................................................... 46 
5.1 协同创新的 DFSS 设计（D 阶段） ............................................................. 46 
5.1.1 基于创新的质量战略.......................................................................... 46 
5.1.2 TRIZ 在 EX 项目开发的应用 ............................................................. 48 
5.2 关键质量控制点的识别和分析 ................................................................... 49 
5.2.1 关注产品早期失效............................................................................... 49 
5.2.2 失效模式和效果分析（FMEA）在 EX 项目开发的应用 ............... 50 
5.3 DFSS 稳健设计的应用（O 阶段） ............................................................. 52 
5.3.1 稳健设计路径及映射关系构建.......................................................... 52 
5.3.2 EX 项目的换向阀参数设计和容差设计 ............................................ 55 
5.4 EX 项目试验验证（V 阶段） ...................................................................... 55 
第 6 章 DFSS 在 A 公司的实施效果 .................................................... 59 
6.1 项目实施情况 ............................................................................................... 59 
6.2 产生的效益 ................................................................................................... 60 
6.2.1 关键质量指标的提升.......................................................................... 60 
6.2.2 财务效益.............................................................................................. 62 
6.2.3 引领细分市场的创新.......................................................................... 64 
第 7 章结论 ............................................................................................. 66 
7.1 研究结论 ........................................................................................................ 66 
7.2 设想与展望 .................................................................................................... 67 
厦
门
大
学
博
硕
士
论
文
摘
要
库
VI 
参考文献 .................................................................................................. 69 
附录 ........................................................................................................... 72 
附录一 .................................................................................................................. 72 
附录二 .................................................................................................................. 73 
附录三 .................................................................................................................. 75 
附录四 .................................................................................................................. 76 
附录五 .................................................................................................................. 77 
附录六 .................................................................................................................. 78 
致谢 ........................................................................................................... 79 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
厦
门
大
学
博
硕
士
论
文
摘
要
库
 VII 
Contents 
Chapter  1 Introduction ····················································· 1 
1.1  Background ········································································ 1 
1.2  Survey of Current Progress ····················································· 2 
1.2.1  R&D Quality Management ···················································· 2 
1.2.2  Current Progress of DFSS ····················································· 2 
1.2.3  Design Method of Six Sigma ················································· 3 
1.3 Research Content ···································································· 4 
1.4 Thesis Structure ····································································· 7 
Chapter 2 Quality Management Problem analysis of A company ···· 8 
2.1   Background of A company ····················································· 8 
2.1.1  Company Profile ································································ 8 
2.1.2  Quality Development History of A company  ···························· 10 
2.1.3  Organizational Structure ····················································· 13 
2.1.4  Department Responsibilities ················································ 13 
2.2  R& D Quality Management Current Status of A company ············· 14 
2.2.1  Characteristics of Project Quality Management in A company ········· 14 
2.2.2  Current Status of Project Development in A company ·················· 15 
2.3  Products Development Quality Management Status of A company··· 15 
2.3.1  Low Customer Satisfaction ················································· 15 
2.3.2  Poor Quality Stability ························································ 16 
2.3.3  High Delay Rate of Project Delivery ······································ 17 
2.4  Quality Management Process Analysis of R&D Projects in A company
 ··························································································· 18 
Chapter 3 Construction of Project Quality System in A Company · 21 
3.1  Management System of DFSS ················································ 21 
3.2  Development Process of Customer Orientation ··························· 23 
厦
门
大
学
博
硕
士
论
文
摘
要
库
VIII 
3.3  Organization Support of DFSS application ································ 23 
3.4  Technical Support Measures ·················································· 30 
3.4.1  Information Knowledge Management ····································· 30 
3.4.2  Robust Design and Development Control Procedure ···················· 30 
Chapter 4  Application of DFSS in EX Project Requirement 
Analysis ········································································· 34 
4.1  EX project Establishment ····················································· 34 
4.2  Focus on and understand the Market and Customer needs (I phase) 37 
4.3  Balancing Customer Needs and Product Quality ························· 40 
4.4  QFD Application for Product Development ······························· 42 
Chapter 5 Collaborative Innovation and Robust Quality ············· 46 
5.1  Collaborative Innovation of DFSS Design(D Phase) ····················· 46 
5.1.1  Quality Strategy based on Innovation ····································· 46 
5.1.2  Application of TRIZ in the Development of EX project ················ 48 
5.2  Identification and Analysis of Points Critical to Quality(CTQ) ······· 49 
5.2.1  Focus on the Early Failure of Products ···································· 49 
5.2.2  Application of Failure Mode and Effect Analysis (FMEA) in the 
Development of EX project ·························································· 50 
5.3  Application of DFSS Robust Design ········································· 52 
5.3.1  Robust Design Path and Mapping relationship construction ··········· 52 
5.3.2  Parameter Design and Tolerance Design of EX project ················· 55 
5.4  EX Project Test Verification ·················································· 55 
Chapter 6  Final Effect of DFSS application in A company ········· 59 
6.1  Progress of Project Implementation ········································· 59 
6.2  The Benefit ······································································· 60 
6.2.1  Promotion of Key Quality Indicators ······································ 60 
6.2.2  Financial Benefit ····························································· 62 
6.2.3  Leading the Innovation of Segment Market ······························ 64 
厦
门
大
学
博
硕
士
论
文
摘
要
库
 IX 
Chapter 7  Conclusion ······················································ 66 
7.1  Research Conclusion ··························································· 66 
7.2  Assumption and Prospect······················································ 67 
Reference ········································································ 69 
Appendix ················································································ 72 
Annex 1 ·················································································· 72 
Annex 2 ·················································································· 73 
Annex 3 ·················································································· 75 
Annex 4 ·················································································· 76 
Annex 5 ·················································································· 77 
Annex 6 ·················································································· 78 
Acknowledgements ···························································· 79 
 
 
厦
门
大
学
博
硕
士
论
文
摘
要
库
厦
门
大
学
博
硕
士
论
文
摘
要
库
第 1 章 绪论 
1 
第 1 章 绪论 
1.1 研究背景和意义 
产品研制的合格率低、可靠性差以及用户体验感不好是大多数企业的常见问
题。从近五年质检总局质量监督抽查的数据中发现，产品抽查合格率都在百分之
九十徘徊。提升研发产品合格率、可靠性以及极致的体验水平是企业降低质量成
本、提高利润水平、提升客户满意度和提升企业竞争力的至关重要因素。通过分
析发现造成此类研发质量问题的主要原因有： 
（1）未能在研发阶段尽早发现潜在质量问题,这些潜在质量问题在后续流程
才暴露； 
（2）产品设计不够稳健； 
（3）对客户需求的理解有偏差。 
A 公司是智能卫浴研发生产型企业，一直致力于通过改进研发管理体系来改
善研发产品质量从而提升产品合格率、可靠性水平以及提供给客户极致体验的产
品。其技术和产品研发能力在国际上处于领先地位，除了有自主品牌外同时也是
两家源自德国的国际顶级卫浴品牌的 ODM 企业。而这些问题根本原因在于企业研
发质量管理体系存在适宜性不足。 
A 公司针对研发产品质量的管控方法，主要以 ISO9001 质量管理体系的要求
建立研发设计控制程序，通过在手样、工程、试产和试制各阶段评审来发现开发
设计问题。同行业的一些智能卫浴企业在管理研发时增加研发实验或加严检测的
方法来发现研发质量问题。一部分企业借助导入 TS16949 汽车质量管理体系的五
大核心工具来提升企业质量，如 APQP 进行产品研发过程的质量策划。此外，大
多数企业试图通过生产制程管制的方法来解决质量问题，提升合格率。而这些方
法大多是事后质量的管控方法，效果是有限的，无法从根本上解决质量问题。 
百分之八十的质量问题都可以归结研发质量问题[1]。研发设计质量将决定这
个产品的最终质量水平，影响该产品在市场端客户满意度、售后成本以及市场的
品牌竞争力。因此，通过研发设计过程的质量管控，依据企业的特点，为企业量
身定制一套合适的研发质量管控体系，可以有效提高后端产品的质量稳定性和可
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靠性，此外，通过六西格玛设计在研发阶段赋予产品六西格玛的固有质量，最终
达成较高的产品质量和提升客户满意度。 
1.2 研究现状综述 
1.2.1 研发质量管理 
目前学者研究的改进研发质量采用的技术方法主要有公理设计、稳健设计、
TRIZ 创新设计等，这些方法都是孤立地针对某个设计问题的解决方法，而没有
形成研发的体系。能够与项目管理方法相结合的有六西格玛设计 DFSS，它集成
了稳健设计等多个研发技术方法形成了一套系统方法论。较常用的 TS16949 汽车
质量管理体系的 APQP 更侧重于产品过程开发的整体要求及输出规范，而 DFSS
更侧重于应用质量工具进行产品及过程设计和验证，及优化流程[2]。 
1.2.2 六西格玛设计研究现状 
DFSS（六西格玛设计）被广泛应用到工业领域且富有成效。采峰、马召、孟
菖、赵兵（2015）通过对美国典型军工企业在应用六西格玛设计的效果进行研究。
研究表明美国三家军工企业在应用 DFSS 进行产品研发后，最终提高了装备的可
靠性、维修性和保障性，很大程度上缩短了平均研发周期，降低了开发成本，特
别是雷神公司在软件密集型系统研制中应用 DFSS，解决了设计质量和可靠性的
问题，进而减少缺陷的发生。由于 DFSS 呈现各具特色的特点，作者提出我国企
业在引入 DFSS 不能生搬硬套，研究适用于我国装备研制的 DFSS 的方法论和技术
路径[3]。黄东亮,戴苏榕,张霄晔(2014)研究六西格玛设计(DFSS)在民用航空电子
产品的应用和实践，研究表明其效果显著，不仅完善了产品设计流程及方法、提
高了产品设计质量、降低了 C919 飞机下视显示器研制风险,还是提升了项目团
队成员的创新和质量意识[4]。 
关于稳健设计的研究，陈立周（1998）综述了工程稳健设计的现状，提出了
稳健设计大体可以分为 2 类，一类为 Taguchi（田口方法）、响应曲面的经验和
半经验设计为基础的传统稳健设计方法，另一类为容差多面体法为主基于传统理
论并结合计算机等方法发展起来的工程模型基础的方法[5]。田口方法被广泛应用
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